In order to achieve clean solar energy and utilize this free energy in a useful manner, current research aims at investigation of thermal performance of an evacuated U-tube solar collection, and specifying conditions that lead to development of highest thermal efficiency for the collector. The collector's efficiency is calculated in this work by introducing parameters affecting thermal efficiency including mass flow rate, collector length, and conditions that are mostly environmental factors. Finally, optimal values of decision variables to achieve maximum collector's efficiency were specified using sensitivity analysis results and genetic algorithm. The results show that the collector's efficiency would be increased by increasing thermal conductivity coefficient of filler materials at the gap between copper blade and absorbent surface. In comparison between using MWCNT nano-fluid and water as the operating fluid, as well as using air, water, Benzene and Na-k alloy fluids separately in the air gap between the copper blade and the adsorbent surface, the collector's efficiency would be increased by 10.4, 12.5, 10.8, and 10.8, respectively. 
INTRODUCTION
The sun is one of the energy sources that can supply the energy required for heating and cooling the buildings, as well as the energy needed for industrial processes (such as Seawater sweetening, etc.) [1] . Although Iran is one of the world's oilrich countries with huge natural gas reserves, implementation of solar plans in the cities and villages can lead to considerable saving in energy costs because of high solar radiation in most regions of the country. Solar radiation in Iran is estimated to be between 1800 and 2200 2 kWh / m year , which is, of course, above the global average. In addition, over 280 sunny days are reported averagely per year in Iran, which is noticeable [1] . There are various methods for using solar energy, but heating water using solar water heaters is known as one of the easiest and most economical methods. Solar collector is the main part of a solar water heater, which has different types (flat, evacuated tube, or concentrated). Various studies have been conducted regarding performance of evacuated tube collectors. Aboulmagd et al. [2] proposed efficiency of an evacuated U-tube solar collector using thermal analysis. Gao et al. [3] studied mathematical model for an evacuated U-tube solar collector and evaluated temperature distribution within length of the tube by fluid movement in longitudinal and radial manner. They also investigated impact of climatic conditions and important parameters affecting tube design such as diameter and mass flow and heat loss factor. Kim [4] tested thermal efficiency of an evacuated U-tube solar collector numerically and experimentally. In this collector, the air was used as the operating fluid and four different absorbent tube shapes were used for extracting the best shape with high efficiency. Naik [5] studied impact of mass flow, input temperature, collector length, and ambient temperature on thermal performance of the collector using mathematical model of an evacuated U-tube solar collector and selecting water as the operating fluid. The findings showed that input fluid temperature, collector length, and solar radiation had the highest impact on the collector efficiency and performance. Natarajan et al. [6] showed that thermal conductivity coefficient is increased by adding multi-wall carbon particles to the base fluid and increases efficiency of the collector. Thermal efficiency of an evacuated tube collector was calculated based on energy balance and loss energy and the effect of energy loss factor from each of the levels on the collector's efficiency was investigated. Mishra [7] carried experimental analysis on evacuated collector with U-Tube at different operating conditions. The analysis of thermal performance carried at different temperature due to variation of solar intensity. Kalogirou [8] developed a model for solar domestic water heating systems using artificial neural networks (ANN`s). The model estimated the useful energy extracted from a solar water heating system and the temperature rise in the stored water under the stated physical parameters of the system and the weather conditions. Kalogirou and Panteliou [9] predicted the long-term system performance of a domestic thermosiphon type solar water heating system using an ANN model. Lalot and Lecoeuche [10] employed an ANN model for the system identification of solar collectors during service. Vajk [11] has suggested the consideration of model sensitivity with respect to discretization and structural realization and has introduced a tool for reducing the modelling error. Liangdong et al. [12] based on the energy balance for the glass evacuated tube solar collector with U-tube, the thermal performance of the individual glass evacuated tube solar collector investigated by analytical method. Gao et al. [13] analyzed the effects of thermal mass and flow rate on forced circulation solar hotwater system of water-in-glass and U-pipe evacuated tube solar collectors. Wang et al. [14] carried out experiment and simulation study on all-glass evacuated tubular solar air heater with simplified compound parabolic concentrator (CPC) and U-shaped copper tube. Zhang et al. [15] investigated experimental performance and comparative analyses based on heat extraction of direct-flow coaxial evacuated-tube solar collectors with and without heat shields. Bhowmik and Amin [16] introduced a new technology to improve the performance of the solar thermal collectors. The solar reflector used here with the solar collector to increase the reflectivity of the collector. A prototype of a solar water heating system was constructed and obtained the improvement of the collector efficiency around 10% by using the reflector.
Sudhakar et al. [17] studied the thermal performance of cylindrical screen mesh wick heat pipe using Cu nano-fluid as the working medium and optimize the working parameters using the Response Surface Methodology (RSM). The working parameters considered are heat input, angle of inclination and concentration of the copper nano particles in the copper nano-fluid. Sandlin and Khalik [18] designed a concentrating solar power (CSP) receiver use granular material -such as sand-as the heat transfer and energy storage medium. Early designs of particle heating receivers (PHR) utilize a falling curtain of particles which directly absorbs the concentrated solar radiation. Kim [19] investigated conditions of functioning in the above paper and studied impact of using various types of nano-fluid on thermal efficiency.
In the present work, thermal efficiency of an evacuated tube solar collector sample is calculated with a new approach at different performance conditions and then using sensitivity analysis, factors affecting the efficiency are identified. Dominance over the thermal resistance in the air gap between copper blade and absorbent surface (using Novel method) and filling the gap by fluids with higher thermal conductivity coefficient instead of air, using different nano-fluids instead of pure operating fluid and impact of mass flow rate, fluid input temperature, collector length, and severity of solar radiation on the collector's efficiency are investigated. Finally, optimal values of decision variables to achieve maximum collector's efficiency were specified using sensitivity analysis results and genetic algorithm. Figure 1 indicates schematic of solar collector under study. Enclosed-type Evacuated U-tube Solar Collector (EEUSC) can be used where higher temperature is needed because of considerable reduction in thermal energy loss. This type of collector is used in much equipment such as electricity generation, HVAC systems, food makers, water heaters, etc. In this type of collectors, high efficiency is produced in low cost by fluid movement within a copper U-shaped tube, where a copper blade (fin) around it acts as the fixed heat flux transfer to the operating fluid.
STATMENT OF PROBLEM AND GOVERNING EQUATIONS
In this work, evacuated U-tube solar collector is investigated with the specifications mentioned in Table 1 at different working conditions to increase efficiency [18] . 
where b U is heat loss factor from absorber surface to the outer ambient and e U is loss factor from the corners and it is obtained from the following equation:
Heat loss factor from absorbent surface to the ambient, is obtained from the following equation:
In the above equation, ga h is coefficient of heat transfer from outer glass to the ambient, and includes radiative and conductive heat transfer. pg h is the coefficient of heat transfer between absorbent surface and glass tube, which includes radiation heat transfer and conductive heat transfer. Both of these coefficients can be obtained from the following equations:
Where 
( 
where a C is the coefficient dependent on the fillers (type of material in gap), com and ab are the indexes related to the filler between absorbent surface and copper blade and absorber, respectively. With considering Fig. 3 , the copper blade temperature can be obtained from the following equation: 
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The heat transferred from around the U-tube and inside the tube can be calculated by the following equation considering boundary conditions and solving above equation: 
where ' F is the collector's efficiency factor, which is an important constant in designing every collector, and it is calculated using following equation:
. . 
Optimization using genethic algorithm and problem solving technique
Genetic algorithm is implemented in different ways with various operators. The flowchart in Figure 4 (a) indicates different steps in the process of optimization by genetic algorithm. In the initial valuing, firstly some points of the search space are randomly selected and then they are coded (chromosome formation). Each of these chromosomes can be considered as an answer for the optimization problem. The number of selected chromosomes depends on the population considered for the problem. The objective function is calculated for each chromosome, and it is allocated. Collection of these chromosomes constitutes the primary generation. New generation is produced using the current generation in the generation production step. For this purpose, a pair of chromosome from the current generation with likelihood proportionate to the chromosome's objective function is selected (parent), and a new pair of chromosome (Childs) is produced by applying crossover and mutation operators. These Childs are put in the next generation. Selection, crossover, and mutation continue until the adequate number of Childs is produced for filling the new generation. Then, objective function is calculated for each new chromosome, and it is allocated. In the replacement phase, the new chromosomes (Childs) replace the previous chromosomes (parents), i.e. the new generation replaces the previous generation. The rebuilding and replacement phases are repeated so that the optimal answer is closely enough to reach. The rate of approaching the optimal answer, which is the condition for the end of genetic algorithm, is determined by the user. For this, there are usually criteria that must be met. These answers are referred to as Pareto optimal boundaries. In this study, an EEUSC solar collector consisting of two glass tubes, with evacuation between them, and the outer glass tube and the inner tube having an absorbent surface coating, are numerically thermally analyzed. A U-tube and a circular copper blade around it (for the uniformity and stability of thermal flux) is put in the collector, which pass the operating fluid. The problem can be solved as shown in algorithm in Figure 4 (b).
RESULTS
In this section, the parameters affecting collector's efficiency, especially ultra-environmental factors (using nanofluid as the operating fluid, as well as use of fluids with higher thermal conductivity coefficient in the air gap between the absorbent surface and the copper blade) are investigated through studying thermal performance of evacuated U-tube solar collector with the given specifications in order to achieve optimal state.
Validation and sensitivity analysis
Calculations and research on EEUSC solar collector and the comparison with several other references at identical conditions (mass flow rate as 0.01 kg/s and input fluid temperature as 40 C ) suggest identical results with reference [18] and [19] , results of which are given in Figures 5 and 6 .
Investigation and test of thermal efficiency in collectors in all standards is especially important. Figure 7 indicates results of change in collector's efficiency in terms of heat loss factor
The relation between thermal efficiency of collector and heat loss factor can be calculated using following equation:
According to Equation (28), when values of As it is shown in figure 6 , the collector's efficiency will be reduced by increasing the heat loss factor. This figure also indicates change in collector's efficiency in terms of
coefficient for various types of nano-fluid compared to water. It is observed that the collector's thermal efficiency increases due to temperature difference using different nanofluids. In addition, the figure indicates that MWCNT nanofluid has highest efficiency compared to other fluids. Although using Na-K at air gap has highest efficiency, using water as the filler fluid at this space is recommended due to safety risks and economical saving in Na-K. In addition to increasing thermal efficiency by 4 percent, it is not costly and would not cause corrosion and rust in copper blade. Figure 9 represents increasing collector's efficiency by increasing radiation. At a constant ambient temperature, change in efficiency increases to the amount of radiation with a steep slope, and this slope gradually decreases with increasing radiation to ultimately reach a constant value. This suggests that in low levels of radiation, thermal flux is very low, which reduces the flow of heat transfer between the tube and operating fluid. Figure 9 also examines relationship between efficiency of solar radiation and different nano-fluids. It can be seen that in all solar radiation values, the collector's efficiency is higher than that of other fluids in case of using MWCNT operating fluid. Impact of mass flow on output operating fluid temperature from the collector is shown in Figure 10 . As observed, output operating fluid temperature from the collector is reduced by increasing mass flow. It denotes that in low mass flow values, higher time is spent on the relationship between operating fluid and walls of U-tube, leading to increasing output temperature. Thus, it is suggested that in the conditions governing the collector under discussion, flow with mass flow rate 0.003 kg s is used for higher thermal absorption from the tube walls. Impact of collector length on the absorbed heat by operating fluid and collector's efficiency is shown in Figure  11 . The absorbed heat is reduced within a fixed length by increasing input temperature, and leads to reduced collector's efficiency. It is because heat transfer is increased by reduction in input temperature in a fixed radiation (Equation 18), and heat transfer resulting from convection heat transfer between nano-particles and operating fluid is reduced by increasing input temperature. Figure 11 also indicates that heat absorption capacity is increased by increasing collector length in a fixed input temperature; however, the increase would be trivial by increasing input temperature. Additionally, interaction between operating fluid and tube wall surface is increased by increasing collector length, leading to increased energy absorption and collector's efficiency. Nano-particles' volumetric concentration impact on properties of operating fluid such as density and thermal conductivity coefficient and specific heat coefficient is shown in Figure 12 . It is observed that density and thermal conductivity coefficient of the operating fluid is directly related to volumetric concentration percentage of nano-particles, and it is increased by increasing the concentration. Nevertheless, specific heat coefficient (CP) is related to volumetric concentration percentage of nano-fluid.
Considering the calculations, efficiency values of solar collector at different conditions using MWCNT nano-fluid and water as the operating fluid are given in Tables 2 and 3,  respectively. As observed in Tables 2 and 3 , collector's efficiency is higher when MWCNT is used as the operating fluid compared to pure water. Also, using Na-k alloy at the air gap between copper blade and absorbent surface yields highest deficiency. It is seen that when MWCNT is used instead of water as the operating fluid and use of water, benzene, and Nak alloy at the air gap, thermal efficiency of the collector is increased by 10.4, 12.5, 10.8, and 10.8 percent, respectively, compared to when the water is used as the operating fluid. Considering the results, it is clear that using MWCNT as the operating fluid and using Na-k alloy at the air gap leads to highest efficiency of the collector. However, it is better to use water as the filler fluid for the air gap for safety issues. 
Optimization using genethic algorithm
Objective function of collector's thermal efficiency is considered for optimization of collector's thermal performance using genetic algorithm. The four parameters of mass flow rate of the collector, collector length (L), solar radiation (G), and heat loss factor are selected as decision parameters, with the specified intervals specified in Table 4 . 
Also, the setting parameters used to optimize the genetic algorithm are listed in Table 5 .
By implementing calculations related to the system given conditions listed in Tables 4 and 5 as well as using singleobjective optimization using genetic algorithm, diagram related to the collector's efficiency is shown in Figure 13 . The optimum decision variables are and [24] . At this point the value of fitness function (thermal efficiency of collector) is equal to Figure 13 . Single-objective optimization using genetic algorithm
CONCLUSIONS
In the present work, thermal performance of an evacuated U-tube solar collector via changing filler fluid of air gap between absorbent surface and copper blade and operating fluid in U-tube, which may have properties of a nano-fluid, was studied, and following results were obtained:
Results indicate that among nano-fluids used in this work, using MWCNT with concentration as the operating fluid inside U-tube with highest heat transfer coefficient between absorbent surface and operating fluid provides highest increase in the efficiency.
Collector's efficiency would be increased by increasing thermal conductivity coefficient of filler materials at the gap between copper blade and absorbent surface. Of course, increasing efficiency in using fluid with thermal conductivity coefficient above would be negligible.
In comparison between using MWCNT nano-fluid and water as the operating fluid, as well as using air, water, Benzene and Na-k alloy fluids separately in the air gap between the copper blade and the adsorbent surface, the collector's efficiency would be increased by 10.4, 12.5, 10.8, and 10.8, respectively.
Using MWCNT operating fluid and Na-k alloy at the air gap between copper blade and absorbent surface would bring highest efficiency. However, considering limitations in using this fluid (for safety problem), using water in this gap provides the best efficiency.
Mass flow rate, collector length, and solar radiation influence increasing collector's efficiency, however, input fluid temperature would have no significant impact on the efficiency. 
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